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(54) Charged particle beam device 

(57) The invention provides a charged particle de- 
vice (1 ) comprising: a particle source (2) lor providing a 
charged particle beam (4), an objective lens (10) tor di- 
recting the particle beam onto a specimen (8), said ob- 
jective lens (1 0) having an optical axis (6); a particle mir- 
ror (14) located on the optical axis (6) of the objective 
lens (10), said panicle mirror having a front surface, a 
back surface, a drift region (26) reaching from the back 
surface to the front surface for letting the charged par- 
ticle beam pass from the back surface to the front sur- 
face, said drift region (26) being positioned away from 
the optical axis (6), and a deflecting region located on 
the front surface for deflecting charged particles coming 
from the specimen towards a detector (1 6). 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to a charged particle de- 
vice. In particular, this Invention relates to a device and 
method lor the examination of specimen with a beam of 
charged particles. 

BACKGROUND OF THE INVENTION 

[0002] Beams of negatively or positively charged par- 
ticles can be used for the examination of specimen. 
Compared to optical light, the resolving power of a beam 
of charged particles is several magnitudes higher and 
allows for the examination of much finer details. Accord- 
ingly, charged particle beams, especially electron 
beams, are used In a variety of ways in biology, medi- 
cine, the materials sciences, and lithography. Examples 
include the diagnosis of human, animal, and plant dis- 
eases, visualisation of sub cellular components and 
structures such as DNA, determination of the structure 
of composite materials, thin films, and ceramics, or the 
inspection of masks and wafers used in semiconductor 
technology. 

[0003] The two basic types of charged particle devic- 
es for the examination of specimen, that are in wide- 
spread use today, are the transmission electron micro- 
scope (TEM) and the scanning electron microscope 
(SEM). In addition to the normal use the two micro- 
scopes, both the TEM and SEM have been modified, 
resulting in instruments designed to perform specific 
functions. For example, the scanning transmission elec- 
tron microscope (STEM) produces a transmitted image, 
as a TEM does, but uses a scanning beam, as the SEM 
does. 

[0004] In conventional charged particle devices like, 
for example, a scanning electron microscopes (SEM) 
the designer always had to make a compromise be- 
tween the arrangement of the objective lens for focusing 
the particle beam onto the specimen and the arrange- 
ment of the detector, because It is preferable to arrange 
both the objective lens and the detector as close as pos- 
sible to the specimen in order to get the best results. 
However, due the fact that detectors can not be mini- 
mised beyond a certain degree, there is just not enough 
space for the detector in the vicinity of the specimen 
without negatively affecting the focusing properties of 
the objective lens. 

[0005] Furthermore, despite their widespread use, 
electron microscopes are large and fairly complicated 
Instruments, which In many universities and Industrial 
settings have often become centralised. Electron micro- 
scope technicians have specialised training to carry out 
the day-to-day operations of the laboratory. However, 
the maintenance of the instrument and especially the 
adaptation of the Instrument to specific measurement 
needs, for example by use of different spectrometers 



and detectors, often leads to costly downtimes of the 
instruments affecting a large number of users. 
[0006] These problems have been partially ad- 
dressed In the prior art, e.g., USP 5,422,486 which dls- 
5 closes a particle mirror used inside an electron micro- 
scope. However, there is a need for additional Improve- 
ment. 

SUMMARY OF THE INVENTION 

10 

[0007] In view of the foregoing, an object of the 
present invention is to provide an improved charged par- 
ticle device that exhibits an improved design and that 
can be more easily adapted for various measurement 

is needs. Another object of the present invention is to pro- 
vide a particle mirror for use in a charged particle device. 
Still another object of the present invention is to provide 
an Improved method for the examination of specimen 
with a beam of charged particles 

so [0008] According to one aspect of the present inven- 
tion, there Is p rovlded a charged particle device as spec- 
ified in independent claim 1. According to a further as- 
pect of the present Invention there is provided a particle 
mirror lor use in a charged particle device as specified 

2S in independent claim 14. According to a still further as- 
pect of the present invention there is provided a method 
for the examination of specimen with a beam of charged 
particles as specified in Independent claim 19. Accord- 
ing to a still further aspect of the present invention there 

so is provided a charged particle device as specified in In- 
dependent claim 20. Further advantages, features, as- 
pects and details of the invention are evident from the 
dependent claims, the description and the accompany- 
ing drawings. The claims are intended to be understood 

3s as a first non-limiting approach of defining the Invention 
in general terms. 

[0009] According to the first aspect of the present in- 
vention, there Is provided a charged panicle device 
comprising: a particle source for providing a charged 

40 particle beam; an objective lens for focusing the particle 
beam onto a specimen, said objective lens having an 
optical axis; a particle mirror located on the optical axis 
of the objective lens, said particle mirror having a front 
surface, a back surface, a drift region reaching from the 

45 back surface to the front surface for letting the charged 
particle beam pass from the back surface to the front 
surface, said drift region being positioned away from the 
optical axis, and a deflecting region located on the front 
surface for deflecting charged particles coming from the 

so specimen towards a detector. 

[001 0] The improved charged particle device has the 
advantage that the use of a particle mirror results in ad- 
ditional freedom for the design of the charged particle 
device. A particle mirror, contrary to a particle detector, 

ss can be arranged In the device more easily without neg- 
atively affecting the focusing/projecting properties of the 
objective lens. By having the drift region, the particle mir- 
ror can be integrated in the device more easily, without 
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negatively affecting charged particle beam. Due to the 
tact that the drift region Is positioned away Irom the axis 
of the objective lens, the area, where the axis intersects 
the mirror, can be used as deflecting region, which in- 
creases the quality of the examination considerably, be- 
cause the particles moving along the axis carry an Im- 
portant part of the information about the specimen. 
[0011] Furthermore, since there is now no limitation 
on the size of the detector, ail kinds of detectors and 
spectrometers can be used to analyse the specimen, in 
addition to that, one type of detector can be easily re- 
placed by another type of detector, in order to adapt the 
device to specific measurement needs. 
[001 2] According to a preferred embodiment, the par- 
ticle mirror comprises a deflecting region located on the 
front surface for deflecting all particles In a given velocity 
range (energy range) and in a given angular range, so 
that the angle p 0 between the outgoing path of the par- 
ticle and the axes normal to the front surface of the mir- 
ror, at the point where the particle hits the mirror, equals 
the angle ap, between the Incoming path of the particle 
and the axes normal to the front surface of the mirror. 
Due to the fact that the energy and the angular distribu- 
tion of the particles coming from the specimen is pre- 
served by the mirror, the detector is capable of basically 
recording the same information as If it were directly lo- 
cated near the specimen. 

[001 3] According to a preferred embodiment, the drift 
region of the particle mirror reaching from the back sur- 
face to the front surface Is positioned away from the 
center of the mirror. The particle mirror Is preferably ar- 
ranged in such a manner, that most of the particles com- 
ing from the specimen are deflected towards the detec- 
tor. This implies that the geometric center of the mirror 
is preferably located where the particles coming from 
the specimen are concentrated. 

[0014] According to a preferred embodiment, the 
charged particle device further comprises a deflection 
unit for directing the charged particle beam essentially 
along the optical axis of the objective lens, said deflec- 
tion unit being arranged between the particle mirror and 
the objective lens. In this arrangement basically all par- 
ticles coming from the specimen and moving along the 
optical axis can be deflected to the detector. Obviously, 
the deflecting unit affects the charged particle beam 
moving towards the specimen as well as the charged 
particles coming from the specimen. However, these 
two types of particles are affected in different manner, 
which leads to a separation of the two types of particles. 
This is regardless of the deflection unit being magnetic 
or electrostatic. 

[001 5] A magnetic deflection unit, in particular, sepa- 
rates charged particle beam moving towards the spec- 
imen and the charged particles coming from the speci- 
men Into complementary parts. According to Lorentz 
Law, charged particles coming from the specimen which 
fly In a direction opposite to the direction of the charged 
particle beam experience an opposite force. In other 



words, they are directed into a region which is comple- 
mentary to the regbn of the primary particle beam. 
[0016] In case the deflection unit is electrostatic, the 
charged particles coming from the specimen are direct- 
& . ed into the region as the primary particle beam. Howev- 
er, the angle of redirection of the charged particles com- 
ing from the specimen is bigger since the angle of redi- 
rection is inversely proportional to the velocity. This re- 
sults in a directional separation of the secondary parti- 
cles from the primary particles. Since a magnetic deflec- 
tion unit deflects charged particle beam moving towards 
the specimen and the charged particles coming from the 
specimen into opposite directions, it is preferred to use 
a magnetic deflection unit. 

[0017] According to a still further preferred embodi- 
ment, the charged particle device further comprises a 
three step deflection unit for deflecting the charged par- 
ticle beam away form the optical axis and back onto the 
optical axis. By using a three step deflection unit the par- 
ticle source, and any other element ussd to shape the 
beam of charged particles, can be arranged along the 
axis of the objective lens, which leads to compact design 
of the complete device. The three step deflection unit 
may consist of elements, like magnetic coils, which are 
used only for this purpose. However, the three step de- 
flection unit may also consist of elements, which, for ex- 
ample, are additionally used to move the charged par- 
ticle beam across the specimen (scanning unit). 
[0018] According to a still further preferred embodi- 
ment, the particle mirror is tilted with regard to the optical 
axis by an angel a between about 20 and about 70 de- 
gree, preferably about 40 and about 50 degree, most 
preferably about 45 degree. By this orientation of the 
particle mirror, the particles coming from the specimen 
are easily directed to the periphery of the device, where 
all kinds of detectors can be arranged without affecting 
the rest of the device. By using a 45 degree orientation 
of the particle mirror, it can be assured that the time dif- 
ference of two different particles moving to the detector 
is minimal, as long as there are of the same Initial ve- 
locity. 

[0019] According to a still further preferred embodi- 
ment, the particle mirror comprises a conductive surface 
or a conductive deflecting grid kept on a predetermined 
potential sufficient to deflect all particles having less 
than a predetermined energy. Thereby, the surface of a 
metal plate can be used as a conductive surface. Fur- 
thermore, a ceramic material, for example Ai 2 Og, having 
a conductive coating can be used for this purpose. In 
this arrangement the particle mirror acts like a low pass 
filter and by varying the potential of the conductive sur- 
face or the conductive deflecting grid, the mirror can be 
used for spectroscopic purposes. Furthermore, it is pre- 
ferred if the particle mirror comprises at least one con- 
ductive screening grid for screening potential of the sur- 
face or the conductive deflecting grid from the rest of the 
device and/or a particle absorber for absorbing particles 
having more than the predetermined energy. In case a 
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metal plate or a ceramic plate having a conductive coat- 
ing Is used, the metallic or ceramic plate can be used 
as the particle absorber. 

[0020] According to a still further preferred embodi- 
ment, a second detector is arranged behind the conduc- s 
tlve deflecting grid for detecting particles having more 
than the predetermined energy. 
[0021] According to a still further preferred embodi- 
ment, the charged particle device further comprises a 
high pass filter, which is arranged in front of the detector, 
allowing only particles having an energy above a prede- 
termined energy to enter the detector. The combination 
of a low pass filter and a high pass filter allows to pick 
out any band of energies tor the detection and thus en- 
hance material contrast or other features of the speci- 
men. Thereby, It Is preferred that the high pass filter 
comprises a conductive filtering grid kept on a predeter- 
mined potential sufficient to filter out all particles having 
less than a predetermined energy. 
[0022] According to a still further preferred embodi- 
ment, said drift region is positioned away from the opti- 
cal axis ol the objective lens, so that all charged particle 
coming from the specimen within an angle 5 degree, 
preferably £ 10 degree, as measured from the optical 
axis of the objective lens, hit the deflecting region of the 
mirror. This has the advantage that, especially for spec- 
imen with a high topography, most of the charged parti- 
cles coming from the specimen can be detected. 
[0023] According to the second aspect of the present 
Invention, there Is provided a particle mirror for use In a 
charged particle device comprising: a front surface and 
a back surface, a deflecting region located on the front 
surface for deflecting all particles In a given velocity 
range and in a given angular range, a drift region reach- 
ing from the back surface to the front surface for letting 
particles pass from the back surface to the front surface 
of the mirror, the drift region being positioned away from 
the geometrical center of the mirror. 
[0024] According to a preferred embodiment, the par- 
ticle mirror further comprises a conductive surface orthe 
conductive deflecting grid kept on a predetermined po- 
tential sufficient to deflect all particles having less than 
a predetermined energy. Furthermore, It Is preferred If 
the particle mirror comprises a conductive screening 
grid for screening potential of the surface or the conduc- 
tive deflecting grid from the rest of the device and/or a 
particle absorber for absorbing particles having more 
than the predetermined energy. 
[0025] According to the third aspect of the present in- 
vention, there Is provided a charged particle device 
comprising: a particle source for providing a charged 
particle beam; an objective lens for focusing the particle 
beam onto a specimen; a particle mirror for deflecting 
charged particles coming from the specimen towards a 
detector; and a high pass filter being arranged In front 
of the detector, allowing only particles having an energy 
above a predetermined energy to enter the detector. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Some of the above indicated and other more 
detailed aspects of the Invention will be described In the 
following description and partially illustrated with refer- 
ence to the figures. Therein: 

[0027] Fig. 1 is a schematic vertical cross section of 
a charged particle device according to a first embodi- 
ment of the present Invention. 

[0028] Fig. 2 is a enlarged view of the particle mirror 
as used In Fig. 1 . 

[0029] Fig. 3 is a schematic vertical cross section of 
a charged particle device according to a second embod- 
iment of the present Invention. 

[0030] Fig. 4 is a enlarged view of the particle mirror 
as used in Fig. 3. 

[0031] Fig. 5 is a schematic vertical cross section of 
a charged particle device according to a third embodi- 
ment of the present Invention. 

[0032] Fig. 6 is a schematic vertical cross section of 
a charged particle device according to a fourth embod- 
iment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] A first embodiment according to the invention 
Is shown schematically In Fig. 1. A charged particle 
beam 4, normally an electron beam, comes from 
charged particle source 2 e.g. a tungsten-hairpin gun, a 
lanthan urn -hexabo ride gun, a field-emission gun, or a 
thermionic Schottkey emitter. At least one anode 3 is 
arranged below the particle source 2, which attracts and 
accelerates the charged particles. In order to accelerate 
the charged particles, the charged particle source 2 Is 
kept on negative potential, for example -0.5 kV, whereas 
the anode 3 is kept on a positive potential, for example 
+10 kV. 

[0034] The anode 3 is followed by a condenser lens 
5, which concentrates the charged particles Into a fine 
beam and guides the beam along the optical axis 6, 
which is also the axis of the objective lens 10. The first 
stage 12A of the three step deflection unit 12 deflects 
the beam 4 of charged particles away from the optical 
axis 6. The beam 4 of charged particles then enters the 
second stage 1 2B of the three step deflection unit, which 
redirects the beam 4 of charged particles towards the 
optical axis 6. On its way back to the optical axis 6, the 
beam 4 passes the particle mirror 14, that is located on 
the optical axis 6. The charged particle beam 4 passes 
the particle mirror 1 4 through a drift region 26 (drift tube) 
arranged within the particle mirror 14.. The drift region 
26 reaches from the back surface 28 of the mirror to the 
front surface 27 of the mirror (see Fig. 2). Due to drift 
region 28 arranged In the particle mirror 1 4, the charged 
particle beam 4 passes the particle mirror 14 in a basi- 
cally undisturbed manner. Accordingly, there is no need 
for any additional measures for correcting the charged 
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particle beam. 

[0035] The beam 4 of charged particles then enters 
the third stage 12C ot the three step deflection unit 12, 
which redirects the beam 4 of charged particles essen- 
tially in the direction the optica! axis 6. The deflection 
unit 12 may comprise electrostatic or magnetic deflec- 
tion stages 12A- 12C. 

[0036] The th ird stage 1 20 of the three step deflection 
unit 12 Is followed by the objective lens 10 for focusing 
the particle beam 4 onto a specimen 8. In order to de- 
celerate the charged particles, the specimen 8 is 
grounded, so that the charged particles, normally elec- 
trons, hit the specimen 8 with an energy of 0.5 keV in 
this example. 

[0037] When the charged particles strike the surface 
of the specimen 8, they undergo a series complex Inter- 
actions with the nuclei and electrons of the atoms of the 
specimen. The Interactions between the incident 
charged particles and the atoms of the specimen may 
be elastic or inelastic. The interactions produce a variety 
of secondary products, such as electrons of different en- 
ergy, X rays, light, and heat, as well as charged particles 
scattered backward. Many of these secondary products 
and/or the backscattered charged particles are used to 
produce the image of the specimen and to collect addi- 
tional data from the specimen. 

[0O38] A secondary product of major importance to 
examination or the Image formation of specimens are 
secondary electrons that escape from the specimen at 
a variety of angles with relatively low energy (3 to 50 
eV). Due to the high positive potential Inside the objec- 
tive lens 10 (in this example +10 kV), the secondary 
electrons are drawn into the objective lens 10 and are 
accelerated towards the particle mirror 14. The second- 
ary electrons pass the third stage 12C of the three step 
deflection unit 12 and move on to the particle mirror 14. 
By passing the third stage 12C of the three step deflec- 
tion unit 12, the secondary electrons are also deflected. 
In the example shown in Fig. 1 the third stage 12C of 
the three step deflection unit 1 2 Is a magnetic deflection 
unit. Therefore, the secondary electrons are deflected 
in the opposite direction with regard to the primary elec- 
tron beam 4. Accordingly, the primary electron beam 
and the secondary electrons are separated without neg- 
atively affecting the primary electron beam 4. 
[0039] The secondary electrons hit the deflecting re- 
gion 25 of the particle mirror 1 4 and are deflected toward 
the detector 1 6. In the embodiment of the present inven- 
tion shown in Fig. 1, the particle mirror 14 comprises a 
conductive surface 21 , which Is tilted with regard to the 
optical axis 6 by an angel a of about 45 degree. Further- 
more, the conductive surface 21 is kept on a predeter- 
mined potential sufficient to deflect all particles having 
less than a predetermined energy. In this example, the 
conductive surface 21 is kept on a potential of slightly 
bsiow +5 kV, in order to deflect ail secondary electrons 
coming from the specimen 8 towards the detector 16. 
Thereby, the secondary electrons are deflected in a 



manner, so that the angle p o between the outgoing path 
of the particle and the axes normal to the front surface 
of the mirror equals the angle ft between the incoming 
path of the particle and the axes normal to the front sur- 
5 face of the mirror (see Fig. 2). 

[0040] In this example, the particle mirror Is made of 
Al 2 0 3 having a conductive coating on the front and on 
the back surface thereof, whereby the conductive coat- 
ing on the front surface is Isolated from the conductive 
10 coating on the back surface. Furthermore, the particle 
mirror 14 comprises a metal tube located in the mirror, 
which forms the drift region 26. The metai tube is con- 
nected with the back surface of the mirror and is kept 
on the same potential as the back surface of the mirror. 
ib Care has to be taken at the periphery of mirror and be- 
tween the drift region 26 and the deflecting region 25, 
in order to avoid any shorts between the front and the 
back surface of the mirror. 

[0041] The detector 1 6 may be chosen from a variety 
of detector types. In the present example, the detector 
16 Is a scintillator that Is connected to a photo m ultiplier 
via a light guide. The output of the detector 16 is then 
used, for example, to display or to record an Image of 
the surface of the specimen. 

[0042] Backscattered particles, normally electrons, 
are also of Importance to the Image formation of speci- 
mens. Backscattered electrons are high in energy, with 
an average of 60% to 80% of the initial energy of the 
electron beam (0.5 keV in this example). Due to the high 
positive potential inside the objective lens 10 (in this ex- 
ample +10 kV), the backscattered electrons are also 
drawn into the objective lens 1 0 and are accelerated to- 
wards the particle mirror 14. The backscattered elec- 
trons pass the third stage 12C of the three step deflec- 
tion unit 12 and move on to the particle mirror 14. By 
passing the third stage 12C of the three step deflection 
unit 12, the backscattered electrons are also deflected. 
As explained above, the third stage 1 2C of the three step 
deflection unit 12 is a magnetic deflection unit. There- 
fore, the backscattered electrons are also deflected In 
the opposite direction with regard to the primary electron 
beam 4. Accordingly, the primary electron beam and the 
backscattered electrons are separated without nega- 
tively affecting the primary electron beam 4. 
[0043] Accordingly, the backscattered electrons also 
hit the deflecting region 25 of the particle mirror 1 4. How- 
ever, dueto their relatively high energy compared to the 
secondary electrons, the potential of the conductive sur- 
face 21 is not sufficient to deflect the backscattered elec- 
trons. Accordingly, the backscattered electrons pass 
through the conductive surface 21 and reach the ceram- 
ic material Al 2 0 3 which acts as a particle absorber 23. 
[0044] In order to separate the secondary electrons 
from the backscattered electrons, in the general case 
the potential of the conductive surface 21 is to be chosen 
slightly below BE sin 2 a, whereby BE is the potential in- 
side the objective lens 10 and the angle a is the angle 
between the optical axis and an axis normal to the front 



26 



30 



3£ 



40 



45 



50 



6 



9 



EP 1 063 677 A1 



10 



surface of the particle mirror 14. By scanning the 
charged particle beam over the specimen and display- 
ing/recording the output ol the detector 16 an image of 
the surface of the specimen is formed. 
[0045] A second embodiment according to the inven- 5 
Hon Is shown schematically In Fig. 3. Components that 
are the same as In Fig. 1 have the same reference des- 
ignators and are not described further. The embodiment 
shown in Fig. 3 differs from the embodiment shown In 
Fig. 1 in that an additional conductive screening grid 22, 
lor screening potential of the conductive surface 21 from 
the rest of the device, is provided in front of the conduc- 
tive surface 21. Furthermore, the embodiment accord- 
ing to the invention shown In Fig. 3 comprises a high 
pass filter 30 that is arranged in front of the detector 1 6, 
allowing only particles having an energy above a prede- 
termined energy to enter the detector 16. The high pass 
filter 30 comprises a conductive filtering grid 31 and a 
further screening grid 32 arranged before the filtering 
grid 31. The combination of the low pass filter 14 (the 
particle mirror) and the high pass filter 30 allows to pick 
out any band of energies for the detection and thus en- 
hance material contrast or other features of the speci- 
men. 

[0046] Fig. 4 is a enlarged view of the particle mirror 
14 as used In Fig. 3. The particle mirror 14 as shown in 
Fig. 3 comprises a front surface 27, a back surface 28, 
a deflecting region 25 located on the front surface for 
deflecting all particles in a given velocity range (energy 
range) and In a given angular range, and a drift region 

26 reaching from the back surface 28 to the front surface 

27 for passing particles from the back surface 28 to the 
front surface 27 of the mirror. 

[0047] Furthermore, particle mirror 14 comprises a 
conductive surface 21 kept on a predetermined potential 
sufficient to deflect ail particles having less than a pre- 
determined energy. The potential of surface 21 is 
screened by a conductive screening grid 22 located in 
front of the surface 21. Thereby, the distance between 
the conductive surface 21 and the screening grid 22 Is 
preferably chosen larger than 1 0 times the mesh size of 
the grid 22. The screening grid 22 Is preferably main- 
tained on the same potential as those elements adjacent 
to the particle mirror 14 in the charged particle device. 
By using a screening grid 22 the potential of the con- 
ductive surface 21, which is usually considerably differ- 
ent from the potential of elements adjacent to the parti- 
cle mirror 14, can be hidden from these elements. Ac- 
cordingly, negative side effects due to the potential of 
the conductive surface 21 can be avoided. 
[0048] When a charged particle, like a secondary 
electron, having less than a predetermined energy hits 
the deflecting region 25 of the particle mirror 14, the par- 
ticle Is deflected In a manner, so that the angle p 0 be- 
tween the outgoing path 9B of the particle and the axes 
normal to the front surface of the mirror equals the angle 
Pi between the Incoming path 9A of the particle and the 
axes normal to the front surface of the mirror. 



[0049] Since the particle mirror 14 is made of a ce- 
ramic material, the ceramic material functions as a par- 
ticle absorber 23 located between the back surface 28 
of the mlrrorandthe conductive surface 21 for absorbing 
particles, which have more than the predetermined en- 
ergy and which are, therefore, able to pass through the 
surface 21. 

[0050] As can be seen from Fig. 4, the drift region is 
not located at the geometrical center of the mirror, which 
is indicated with the reference number 40. The mirror 
shown in Fig. 4 has the shape of a circular disk having 
a middle point. Accordingly, the geometrical center of 
the mirror is the middle point of the disk. Due to the fact 
that the drift region is positioned away from the geomet- 
rical center of the mirror, the geometrical center of the 
mi rror can be used as deflecting region, wh ich increases 
the quality of the examination considerably. 
[0051] A third embodiment according to the Invention 
is shown schematically in Fig. 5. A charged particle 
beam 4, normally an electron beam, comes from 
charged particle source 2 e.g. a tungsten-hairpin gun, a 
ianthanum-hexaboride gun, a field-emission gun, or a 
thermionic Schottkey emitter. At least one anode 3 is 
arranged below the particle source 2, which attracts and 
accelerates the charged particles. In order to accelerate 
the charged particles, the charged particle source 2 Is 
kept on negative potential, for example -0.5 kV, whereas 
the anode 3 is kept on a positive potential, for example 
+10 kV. 

[0052] The anode 3 Is followed by a condenser lens 
5, which concentrates the charged particles Into a fine 
beam and guides the beam along the optical axis 6 1 , 
wh ich is not the axis 6 of the objective lens 1 0. The beam 
4 of charged particles then enters the first stage 1 2B of 
a two step deflection unit, which directs the beam 4 of 
charged particles towards the optical axis 6 of the ob- 
jective lens. On its way to the optical axis 6, the beam 
4 passes the particle mirror 14, that Is located on the 
optical axis 6 of the objective lens. The charged particle 
beam 4 passes the particle mirror 14 through a drift re- 
gion 26 (drift tube) arranged in the particle mirror 14. 
Due to drift region 26 arranged In the particle mirror 14, 
the charged particle beam 4 passes the particle mirror 
14 in a basically undisturbed manner. Accordingly, there 
Is no need for any additional measures for correcting the 
charged particle beam. The beam 4 of charged particles 
then enters the second stage 12C of the two step de- 
flection unit 12, which redirects the beam 4 of charged 
particles in the direction the optical axis 6. 
[0053] The deflection unit 12C Is followed by the ob- 
jective lens 10 for focusing the particle beam 4 onto a 
specimen B. In order to decelerate the charged particles, 
the specimen 8 is grounded, so that the charged parti- 
cles, normally electrons, hit the specimen 8 with an en- 
ergy of 0.5 keV in this example. 
[0054] Due to the high positive potential inside the ob- 
jective lens 10 (in this example +10 kV). the secondary 
electrons 44, that escape from the specimen 8, are 
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drawn into the objective lens 10 and are accelerated to- 
wards me particle mirror 14. The secondary electrons 
44 pass the deflection unit 12C and move on to the par- 
ticle mirror 14. By passing the deflection unit 12C, the 
secondary electrons are also deflected. In the example 
shown In Fig. 5 the deflection unit 12C Is a magnetic 
deflection unit. Therefore, the secondary electrons 44 
are deflected in the opposite direction with regard to the 
primary electron beam 4. Accordingly the primary elec- 
tron beam and the secondary electrons are separated 
without negatively affecting the primary electron beam 
4. 

[0055] The secondary electrons 44 hit the deflecting 
region 25 of the particle mirror 14 and are deflected to- 
ward the detector 16. In the embodiment of the present 
Invention shown In Fig. 5, the particle mirror 14 compris- 
es a conductive deflecting grid 41, which is tilted with 
regard to the optical axis 6 by an angel a of about 45 
degree. Furthermore, the conductive deflecting grid 41 
is kept on a predetermined potential sufficient to deflect 
all particles having less than a predetermined energy 
In this example, the deflecting grid 41 is kept on a po- 
tential of slightly below +5 kV, in order to deflect all sec- 
ondary electrons coming from the specimen 8 towards 
the detector 16. Thereby, the secondary electrons 44 
are deflected in a manner, so that the angle p Q between 
the outgoing path of the particle and the axes normal to 
the front surface of the mirror equals the angle ft be- 
tween the incoming path of the particle and the axes nor- 
mal to the front surface of the mirror. 
[0056] Due to the high positive potential inside the ob- 
jective lens 10 (in this example +10 kV), the backscat- 
tered electrons 45 are also drawn Into the objective lens 
10 and are accelerated towards the particle mirror 14. 
Accordingly, the backscattered electrons 45 also hit the 
deflecting region 25 of the particle mirror 14. However, 
due to their relatively high energy compared to the sec- 
ondary electrons 44, the potential of the conductive de- 
flecting grid 41 is not sufficient to deflect the backscat- 
tered electrons 45. Accordingly, the backscattered elec- 
trons pass through the conductive deflecting grid 41 and 
reach the second detector 24 that is arranged behind 
the conductive deflecting grid 41 . The second detector 
24 may also be chosen from a variety of detector types. 
In the present example, the second detector 24 is also 
a scintillator that is connected to a photo multiplier via a 
light guide. In case the Information that Is connected with 
the backscattered particles is not needed, the second 
detector 24 may also be replaced by a particle absorber, 
which absorbs the backscattered particles 45. The par- 
ticle absorber may for example be formed by a dielectric 
material. 

[0057] As can be seen from Fig. 5, the drift region 26 
of the mirror 14 Is positioned away from the optical axis 
6 of the objective lens 10, so that all charged particle 
coming from the specimen 8 within an angle y ^ 10 de- 
gree, as measured from the optical axis of the objective 
lens, hit the deflecting region 25 of the mirror 14. This 



has the advantage that, especially for specimen with a 
high topography, most of the electrons coming from the 
specimen can be detected. 

[0058] By scanning the charged particle beam over 
5 the specimen and displaying/recording the output of the 
detector 1 6 and/or displaying/recording the output of the 
second detector 24 an image of the surface of the spec- 
imen is formed. 

[0059] A fourth embodiment according to the Inven- 
10 tion is shown schematically in Fig. 6. A charged particle 
beam 4, normally an electron beam, comes from 
charged particle source 2 e.g. a tungsten-hairpin gun, a 
lanthanum-hexaboride gun, a field-emission gun, or a 
thermionic Schottkey emitter. At least one anode 3 is 
arranged below the particle source 2, which attracts and 
accelerates the charged particles. In order to accelerate 
the charged particles, the charged particle source 2 is 
kept on negative potential, for example -0.5 kV, whereas 
the anode 3 Is kept on a positive potential, for example 
20 +10 kV. 

[0060] The anode 3 is followed by a condenser lens 
5, which concentrates the charged particles into a fine 
beam and guides the beam along the optical axis 6. On 
its way along the optical axis 6, the beam 4 passes the 

25 particle mirror 1 4, that is located on the optical axis 6 of 
the objective lens 1 0. The charged particle beam 4 pass- 
es the particle mirror 14 through a drift region 26 (drift 
tube) arranged in the center of the particle mirror 14. 
Due to drift region 26 arranged in the particle mirror 14, 

so the charged particle beam 4 passes the particle mirror 
14 In a basically undisturbed manner. 
[0061] The particle mirror 1 4 is followed by the objec- 
tive lens 1 0 for focusing the particle beam 4 onto a spec- 
imen 8. In order to decelerate the charged particles, the 

35 specimen 6 Is grounded, so that the charged particles, 
normally electrons, hit the specimen 6 with an energy of 
0.5 keV in this example. 

[0062] Due to the high positive potential Inside the ob- 
jective lens 10 (in this example +10 kV), the secondary 
40 electrons, that escape from the specimen 8, are drawn 
into the objective lens 10 and are accelerated towards 
the particle mirror 1 4. The secondary electrons 44 hit 
the deflecting region 25 of the particle mirror 1 4 and are 
deflected toward the detector 16. In the embodiment of 
4& the present Invention shown in Fig. 6 the particle mirror 
14 comprises a conductive deflecting grid 41, which is 
tilted with regard to the optical axis 6 by an angel a of 
about 45 degree. Furthermore, the conductive deflect- 
ing grid 41 is kept on a predetermined potential sufficient 
so to deflect all particles having less than a predetermined 
energy. In this example, the deflecting grid 41 is kept on 
a potential of slightly below +5 kV, In order to deflect all 
secondary electrons coming from the specimen 8 to- 
wards the detector 16. Thereby, the secondary elec- 
ts trons 44 are deflected In a manner, so that the angle p 0 
between the outgoing path of the particle and the axes 
normal to the front surface of the mirror equals the angle 
Pi between the incoming path of the particle and the axes 



7 



13 



EP1 063 677 A1 



normal to the front surface of the mirror. 
[0063] On their way to the detector 1 6, the secondary 
electrons 44 pass a high pass filter 30 that is arranged 
In front of the detector 1 6, allowing only particles having 
an energy above a predetermined energy to enter the 
detector 16. The high pass fitter 30 comprises a conduc- 
tive filtering grid 31 and a further screening grid 32 ar- 
ranged before the filtering grid 31. The combination of 
the low pass filter 14 (the particle mirror) and the high 
pass filter 30 allows to pick out any band of energies for 
the detection and thus enhance material contrast or oth- 
er features ol the specimen. 

[0064] Due to the high positive potential inside the ob- 
jective lens 10 (In this example +10 kV), the backscat- 
tered electrons 45 are also drawn into the objective lens 
10 and are accelerated towards the particle mirror 14. 
Accordingly, the backscattered electrons 45 also hit the 
deflecting region 25 of the particle mirror 14. However, 
due to their relatively high energy compared to the sec- 
ondary electrons, the potential of the conductive deflect- 
ing grid 41 Is not sufficient to deflect the backscattered 
electrons. Accordingly, the backscattered electrons 45 
pass through the conductive deflecting grid 41 and 
reach the particle absorber 23 that is arranged behind 
the conductive deflecting grid 41 . 
[0065] By scanning the charged particle beam over 
the specimen and displaying/recording the output of the 
detector 16 an Image of the surface of the specimen Is 
formed. 

[0066] While the Invention has been described with 
reference to various exemplary embodiments thereof, 
those ol ordinary skill in the art would appreciate that 
various Implementations and variations are possible 
without departing from the scope and spirit of the inven- 
tion, as defined by the appended claims. For example, 
it should be readily apparent that the particle mirror can 
be tilted at angles other than 45 degrees, depending on 
the particular construction of the particle column. Simi- 
larly, the various voltage values are provided as exam- 
ples only, and other values may be used. Also, the fil- 
tering schemes on the mirror and detector may be im- 
plemented to various degrees and combinations, and 
can be readily applied In any such combinations to any 
of the exemplary embodiments disclosed herein. 



Claims 

1 . A charged particle device ( 1 ) comprising: 

a particle source (2) for providing a charged 
particle beam (4); 

an objective lens (10) for focusing the particle 
beam onto a specimen (B), said objective lens 
(10) having an optical axis (6); 

a particle mirror (1 4) located on the optical axis 



(6) of the objective lens (10), said particle mirror 
(14) having a front surface (27), a back surface 
(28), a drift region (26) reaching from the back 
surface (28) to the front surface (27) for letting 

5 the charged particle beam (4) pass from the 

back surface (28) to the front surface (27), said 
drift region (26) being positioned away from the 
optical axis (6), and a deflecting region (25) lo- 
cated on the front surface (27) for deflecting 

10 charged particles coming from the specimen 

(8) towards a detector (1 6). 

2. The charged particle device (1) according to claim 
1 wherein the particle mirror (14) comprises a de- 

ts fleeting region (25) located on the front surface (27) 
for deflecting all particles In a given velocity range 
and in a given angular range, so that the angle p o 
between the outgoing path of the particle and the 
axes normal to the front surface of the mirror, at the 

20 point where the particle hits the mirror, equals the 
angle p, between the Incoming path of the particle 
and the axes normal to the front surface of the mir- 
ror. 

3. The charged particle device (1) according to claim 
1 or 2 wherein the drift region (26) reaching from 
the back surface (28) to the front surface (27) is po- 
sitioned away from the geometrical center (40) of 
the mirror. 

30 

4. The charged particle device (1) according to one of 
the preceding claims furthercomprising adeflection 
unit (12C) for directing the charged particle beam 
essentially along the optical axis of the objective 

3S lens, said deflection unit (12C) being arranged be- 
tween the particle mirror (1 4) and the objective lens 
(10). 

6. The charged particle device (i) according to claim 4 
40 comprising a three step deflection unit (1 2) for de- 
flecting the charged particle beam (4) away form the 
optical axis (6) and essentially back onto the optical 
axis (6) of the objective lens (10). 

46 6. The charged particle device (1) according to one of 
the preceding claim wherein the particle mirror (14) 
Is tilted with regard to the optical axis (6) by an angel 
a between about 20 and about 70 degree, prefera- 
bly between about 40 and about 50 degree, most 

so preferably about 45 degree. 

7. The charged particle device (1 ) according to one of 
the preceding claims wherein the particle mirror 
(14) comprises a conductive surface (21) or a con- 

ss ductlve deflecting grid (41 ) kept on a predetermined 
potential sufficient to deflect all particles having less 
than a predetermined energy. 
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B. The charged particle device (1 ) according to claim 
7 wherein the particle mirror (14) comprises at least 
one conductive screening grid (22) for screening 
potential of the conductive surface (21) or the con- 
ductive deflecting grid (41) from the rest of the de- £ 
vice. 

9. The charged particle device (1 ) according to claim 
7 or 8 wherein the particle mirror (14) comprises a 
particle absorber (23) for absorbing particles having 10 
more than the predetermined energy. 

10. The charged particle device (1 ) according to claim 
7 or 8 wherein a second detector (24) is arranged 
behind the conductive deflecting grid (41 ) for de- i* 
tectlng particles having more than the predeter- 
mined energy. 

11. The charged particle device (1) according to one of 
the preceding claims wherein a high pass filter (30) &> 
Is arranged in front of the detector (1 6), allowing on- 
ly particles having an energy above a predeter- 
mined energy to enter the detector (16). 

12. The charged particle device (1 ) according to claim w 
1 1 wherein the high pass filter (30) comprises a con- 
ductive filtering grid (31) kept on a predetermined 
potential sufficient to filter out all particles having 
less than a predetermined energy. 

30 

13. The charged particle device (1) according to one of 
the preceding claims wherein said drift region (26) 
is positioned away from the optical axis (6) of the 
objective lens (10), so that all charged particle com- 
ing from the specimen within an angle y £ 5 degree! sb 
preferably < 10 degree, as measured from the op- 
tical axis (6) of the objective lens (10), hit the de- 
flecting region (25) of the mirror (14). 

14. A particle mirror (14) for use in a charged particle 40 
device comprising: 

a front surface (27) and a back surface (28), 

a deflecting region (25) located on the front sur- 45 
face (27) for deflecting all particles in a given 
velocity range and In a given angular range, 

a drift region (26) reaching from the back sur- 
face (28) to the front surface (27) for letting par- so 
tides pass from the back surface (28) to the 
front surface (27) of the mirror, the drift region 
(26) being positioned away from the geometri- 
cal center (40) of the mirror. 

65 

16. The particle mirror (14) according to claim 14 
wherein the particle mirror (14) further comprises a 
conductive surface (21) or a conductive deflecting 



grid (41 ) kept on a predetermined potential suffi- 
cient to defied all particles having less than a pre- 
determined energy. 

16. The particle mirror (14) according to claim 15 
wherein the particle mirror (14) further comprises at 
least one conductive screening grid (22) for screen- 
ing potential of the conductive surface (21) or the 
conductive deflecting grid (41). 

17. The particle mirror (14) according to claim 15 or 16 
wherein the particle mirror (14) further comprises a 
particle absorber (23) for absorbing particles having 
more than the predetermined energy. 

18. The particle mirror (14) according to one of claims 
14 to 17 wherein deflecting region (25) deflects the 
particles, so that the angle between the outgoing 
path of the particle and the axes normal to the front 
surface of the mirror, at the point where the particle 
hits the mirror, equals the angle between the incom- 
ing path of the particle and the axes normal to the 
front surface of the mirror, 

19. A method for the examination of specimen with a 
beam of charged particles comprising the steps of: 

providing a charged particle beam; 

letting the charged particle beam pass through 
a drift region reaching from the back surface to 
the front surface of a particle mirror 

focusing the particle beam onto a specimen 
with an objective lens, said objective lens hav- 
ing an optical axis; and 

deflecting charged particles coming from the 
specimen towards a detector with a deflecting 
region of the particle mirror; 

wherein said drift region Is positioned away 
from the optical axis. 

20. A charged particle (1 ) device comprising: 

a particle source (2) for providing a charged 
particle beam (4); 

an objective lens (10) for focusing the particle 
beam (4) onto a specimen (8); 

a particle mirror (1 4) for deflecting charged par- 
ticles coming from the specimen towards a de- 
tector (16); and 

a high pass filter (30) being arranged in front of 
the detector (1 6), allowing only particles having 
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an energy above a predetermined energy to en- 
ter the detector (16). 

21. The charged particle device (I) according to claim 

20 wherein the particle mirror (1 4) comprises a con- & 
ducllve surface (21 ) or the conductive deflecting 
grid (41) kept on a predetermined potential suffi- 
cient to deflect all particles having less than a pre- 
determined energy. 

10 

22. The charged particle device (1) according to claim 

21 wherein the particle mirror (14) comprises at 
least one conductive screening grid (22) for screen- 
ing potential of the conductive surface (21) or the 
conductive deflecting grid (41) from the rest of the is 
device. 

23. The charged particle device (1 ) according to claim 
21 or 22 wherein the particle mirror (14) comprises 

a particle absorber (23) for absorbing particles hav- so 
Ing more than the predetermined energy. 

24. The charged particle device (1) according to one of 
claims 20 to 23 wherein the particle mi rror (1 4) com- 
prises a deflecting region (25) located on the front « 
surface (27) for deflecting all particles In a given ve- 
locity range and in a given angular range, so that 

the angle p 0 between the outgoing path of the par- 
ticle and the axes normal to the front surface of the 
mirror, at the point where the particle hits the mirror, 
equals the angle p ( between the Incoming path of 
the particle and the axes normal to the front surface 
of the mirror. 

25. The charged particle device (1 ) according to one of a* 
claims 20 to 24 wherein the particle mirror (14) is 
tilted with regard to the optical axis (6) by an angel 

a between about 20 and about 70 degree, prefera- 
bly between about 40 and about 50 degree, most 
preferably about 45 degree. 40 
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